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HVMttfNATEO RESINS. ADHESIVE fORHJLATIONS 
AND PROCESS FOR PRODUCTION Of RKtlK 

fiAfgnROllHD Of INVENTION 

The present Invention relates to new Improved petroleum 
resins and their production. In particular, the Invention relates to 
petroleua resins suitable as tacktflers for block copolymer based hot 
melt adheslves and pressure sensitive adheslves, and 
5 ethylene-unsaturated ester copolymer based hot melt adhesives. The 
present Invention also relates to a new process for hydrogenatlng 
petroleum resins. 

Adhesives play an Important role in everyone's daily 
activities and are used In many different forms such as tape, means to 
10 close packages or secure Items, bandages, envelopes, notepads, diaper 
tabs, or any one of many other products In common usage. The key 
performance requirements for adheslves are that they should have 
suitable cohesive and adhesive properties at end use conditions and 
during application to substrates while being aesthetically pleasing to 

15 

consumers. Usually these adheslves are prepared from a mixture of 
tacklfler resins and polymers. 

Block copolymers made from styrene and a diolefln are widely 
used In the production of adheslves. Typical block copolymers are 
styrene/lsoprene/styrene (SIS), styrene/butadiene/styrene (SBS), 
20 hydrogenated styrene/butadiene/styrene (SEBS) and the like. While 
various block copolymers may be used, SBS and SIS copolymers are found 
to be particularly useful In the present Invention. These copolymers 
are typically blended with tacklfylng resins and oil in order to fori 
adheslves. 

25 Ethylene-unsaturated ester copolymers are also widely used In 

the adheslves Industry. These copolymers Include the group consisting 
of ethylene copolymerlzed with an unsaturated ester which contains 
both an ester group and a carbon-carbon double bond. While various 
ethylene-unsaturated ester copolymers may be used, ethyl ene-vlnyl 

30 acetate copolymers are found to be particularly useful. 
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The use of SBS block copolymers has proved particularly 
troublesome to the Adheslves Industry In tern of Identifying a 
suitable tacklfler resin. It has been known In preparing adheslves 
using SIS copolymers that aliphatic tacklfler resins may be used with 
5 success. Unfortunately, the aliphatic resins, while meeting the 
requirements for lower color adheslves, do not have adequate 
compatibility with SBS copolymers to form an acceptable adhesive. 

It has been found that the desired adhesive properties are 
not present with aliphatic tacklfler resins in SBS systems because of 

10 the higher mldblock solubility parameter component of SBS copolymers 
versus SIS copolymers. While aliphatic tacklfler resins, with 
relatively low solubility paraeeters, are compatible with the mldblock 
of SIS copolymers, they exhibit limited compatibility with the higher 
solubility parameter mldblock of SBS copolymers. This problem Is also 

15 compounded by the use of oil In many formulations. If a higher 
aromatic level tacklfler resin is used, a more compatible blend Is 
formed with the SBS mldblock. particularly In the presence of oils. 

The Introduction of aromatlclty Into the tacklfler resin also 
results In a softer adhesive system which Is advantageous In many 
20 uses. This Is due to the Interaction of the resin with the hard 
styrene domains of SBS or SIS. which results In a reduced plateau 
modulus. This principle 1s particularly Important for block 
copolymers, either SBS or SIS, which have relatively high levels of 
styrene content and are thus relatively hard. 

25 Attempts to make use of the positive compatibility 

characteristics associated with the introduction of higher levels of 
aromatic compounds Into tacklfler resins have generally caused an 
unacceptably high color level for usage 1n many modern adheslves 
(British Patent 1, 377.9B9). Previous efforts to overcome the 

30 difficulties associated with Introduction of aromatic compounds In 
tacklfler resins have been directed towards polymerizing mixtures of 
aliphatic and aromatic compounds. British Patent 1,447,419 describes 
a hot aelt pressure sensitive adhesive composition based on block 
polymers, Including SBS. and a tacklfler obtained by catalytlcally 

35 polymerizing and hydrogenatlng a mixture of aromatic and aliphatic 
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compounds. However, problems arise from the use of such mixtures. 
While aromatic and aliphatic compounds are easily polymerized In the 
presence of a metal hallde catalyst such as anhydrous aluminum 
chloride, the use of such catalyst has been found to have deleterious 
5 effects In the production of tacMfier resins. 

Because of the high color characteristics associated with the 
Introduction of aromatic compounds into tacMfier resins, the resins 
must be hydrogenated to reduce their color values In order to be used 
1n many adhesive systems. The use of metal hallde catalysts In the 
io polymerization step leads to the Incorporation of hallde groups In the 
» resin. These hallde groups are very difficult to remove and U not 

removed from the resin, prior to the necessary hydrogenatlon process, 
will become bound to the hydrogenatlon catalyst during hydrogenatlon. 
The effect of halldes 1s to "poison" the catalyst which results 1n 
15 decreased hydrogenatlon activity and increased cracking of the 

tacMfier resin, lhe results of such catalyst "poisoning" may include 
poor color and stability of the hydrogenated resin as well as a 
degraded molecular weight. 

EP-A-260001 discloses a hydrogenated resin made by catalytic 
polymerization and hydrogenatlon of a mixture of aromatic, aliphatic 
and terpene compounds. Examples show the use of such resins in SBS 
block copolymer based adheslves. The terpene component does not 
originate In the cracking of petroleum feed streams and Is more 
costly. EP-A-149909 discloses a resin for pressure sensitive adhesive 
compositions containing hydrogenated butadlene/styrene block 
copolymer. A feed containing cyclopentadiene and derivatives 1$ 
thermally polymerized and hydrogenated. The application states that 
the feed may contain aromatlcs. 

Accordingly, It Is the object of the present Invention to 
provide hallde free, low color petroleum resins, thermally polymerized 
from a feed which Is comprised of a vinyl aromatic component, a 
cyclodlene component and optionally an acyclic dlene component. It Is 
a further object of the present Invention to provide a novel 
35 hydrogenatlon process to obtain low color levels of thermally 

polymerized petroleum resins. It Is a further object of the present 
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25 
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Inventlon to provide novel block copolymer based hot melt and pressure 
sensitive adhesive systems. Yet a further object of the present 
Invention Is to provide hot melt adhesive systems based on 
ethylene-unsaturated ester copolymers. 

SUMMARY OF THE INVENTION 

5 It has been discovered that a light colored, thermally 

polymerized resin can be produced from a feedstock which Is comprised 
of a vinyl aromatic component as the predominant component, a 
cyclodlene component, and optionally an acyclic dlene component. The 
vinyl aromatic component consists of a stream comprising styrene, 

10 alkyl substituted derivatives of styrene, lndene and alkyl substituted 
derivatives of lndene. The cyclodlene component 1s comprised of 
monomers, dlmers and codlmers of cyclopentadlene and alkyl substituted 
derivatives of cyclopentadlene. Optionally, a C 4 -C 5 acyclic diene 
component may be Introduced. The acyclic dlene stream is comprised of 

15 butadiene and alkyl substituted derivatives of butadiene. 

In a separate embodiment of the invention, the cyclodlene 
component Is the predominant component of the feedstock with 
cyclodlene component ranging up to 1000 parts by weight to 100 parts 
by weight of the vinyl aromatic component. 

20 Following polymerization, the resins are hydrogenated by a 

novel process In the presence of an oleflnlc diluent which increases 
the hydrogenatlon reactor temperature and Improves the efficiency of 
the hydrogenatlon process. 

The resultant resins have near water white to water white 
25 colors and superior heat stabilities. Typical resins according to the 
present Invention have the following properties: weight average 
molecular weight (Mw) by GPC of about 300-1000, number average 
molecular weight (Hn) of about 100-500, a (Hw)/(Mn) ratio of about 
2.1, and a ring and ball softening point range of about 70*-2O0 # C, 
30 preferably 70-130*C. Further, the resins have a Saybolt color of 
23-30 and 1-201 aromatic hydrogens measured by 'h-NMR. 
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It 1$ also an object of this Invention to provide hot melt 
compositions Incorporating this novel resin 1n formulations comprising 
100 parts ethylene unsaturated ester copolymer, and 40 to 400 parts 
resin. 

5 It Is a further object of this Invention to provide pressure 

sensitive and hot melt adhesive compositions Incorportatlng this novel 
resin in formulations comprising 100 parts block polymer, containing 
blocks with repeat units derived from vinyl aromitlcs and dlenes, and 
40 to 400 parts resin according to this Invention. 

nrTAILED DESCR IPTION OF THE INVENTION 

Iq set forth above, the petroleum resins according to the 

present Invention are obtained by a process which comprises thermally 
polymerizing a feedstock, which contains a vinyl aromatic streaa, a 
lesser amount of a cydodlene stream and optionally a C 4 ^C 5 
acyclic dlene stream. In a separate embodiment, the cydodlene 

15 component of the feedstock 1$ the predominant component of the 
feedstock with up to 1000 parts cydodlene component to 100 parts 
vinyl aromatic component. 

A typical vinyl aromatic stream used according to the present 
Invention has a composition of 7 wt X styrene; 30 wt 1 alkyl 
20 substituted derivatives of styrene, 13 wt X Indene, 9 wt X alkyl 
substituted derivatives of Indene and 41 wt X non-reactive aromatic 
components. The vinyl aromatic stream Is obtained by steam cracking 
petroleum refinery streams and separating the fraction boiling In the 
range of 135' to 220'C by fractional distillation. 

25 a useful cydodlene stream according to the present Invention 

comprises monomers, dlmers and codlmers of cydopentadlene. and alkyl 
substituted derivatives of cydopentadlene. This component of the 
feedstock Is obtained by steam cracking petroleum refinery streams, 
separating a Cj-C 6 fraction boiling In the range of 3O-80*C. heat 
soaking to dlmerlze and codlmerlze the cydopentadlene and alkyl 
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substltuted cydopentadlenes and distilling to remove unreacted 
C 5 -C 6 components. 

Although the cydodiene component of the feedstock used 1n 
the following examples contains mixtures of these various monomers, 
5 dlmers, and codlmers of cydopentadlene and alkyl substituted 

derivatives of cydopentadlene. It 1s understood that single component 
cyclodlenes such as pure d1 cydopentadlene may also be used. 

A useful acyclic dlene stream according to the present 
10 Invention consists of butadiene and alkyl substituted butadienes 1n 
pure form or admixed with C 4 -C g roono-oleflns and paraffins. This 
component of the feedstock Is obtained by stream cracking petroleum 
refinery streams and recovering the acyclic dlenes In pure form or 
mixed with C 4 -C fi mono-olefins and paraffins by fractional 
15 distillation. 

Two components of the feedstock, the vinyl aromatic stream 
and the cydodiene stream are combined 1n a mixture having about 100 
parts vinyl aromatic component and 10 to 1000 parts cydodiene 
component. The most preferred mixture of vinyl aromatic and 

20 cydodiene components is 100 parts vinyl aromatic component to 66 
parts cydodiene component. The feed mixture may also Include a 
non-reactive polymerization diluent, such as toluene. The feed 
mixture may optionally contain up to 100 parts of an acyclic dlene 
component. The resin feedstock mixture may be thermally polymerized 

25 at a temperature between 160* and 320'C, preferably from 250-290'C 
for a period of 10 to 500 minutes, preferably 60-180 minutes. The' 
resin solution that results from the thermal polymerization 1s 
stripped of solvent and unreacted monomers by heating to a temperature 
of from 150-300-C, with or without the Injection of steam. The 

30 resultant resin exhibits the following properties: softening point 
from 8O-2O0-C, weight average molecular weight (Hw) by GPC from 
300-1000. number average molecular weight (Mn) from 100-500 and dark 
color. 
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The resin Is then hydrogenated to a level where the resultant 
resin contains about 11 to 201 aromatic hydrogens as measured by 
'h-NMR. The aromatic functionality may be untouched by the 
hydrogenatlon process or be hydrogenated by 991 relative to Its 

5 non-hydrogenated state. The novel hydrogenatlon step 1s carried out 
by hydrogenatlng a mixture containing 100 parts resin from the above 
described thermal polymerization, 100 to 300 parts solvent diluent, 
and S to 100 parts oleflnlc diluent 1n a hydrogenatlon reactor with a 
peak temperature of 100 to 350*0, preferably 280-320*C, with a 

io volumetric throughput of 0.5 to 2.0 WH, preferably from 0.75 to 1.5 
WH. The most preferred range of components for the hydrogenatlon 
feed are 100 parts resin, 100-200 parts solvent diluent, and 15-60 
parts oleflnlc diluent. Following hydrogenatlon, the resin can be 
stripped to softening points ranging from 70 , -200*C, preferably 

15 70-130*C. The resultant resins exhibit the following properties: 
weight average molecular weight (Hw) by GPC from 300-1000, number 
average molecular weight (Hn) from 100-500, a Mw/Hn ratio of about 2.1 
and a Saybolt color of 23-30. 

20 The presence of the oleflnlc diluent allows the hydrogenatlon 

reactor to achieve a desirable rapid Increase 1n temperature early in 
the hydrogenatlon run. The rapid Increase In temperature results from 
the rapid exothermic hydrogenatlon reaction of converting the oleflnlc 
diluent to a paraffin. The amount of oleflnlc diluent used should be 

25 such that the exothermic reaction Increases the hydrogenatlon reactor 
temperature by 40* to 140*C. Preferably, the temperature Increase 
should be In the range of 80*-110'C. The desired peak temperature in 
the hydrogenatlon reactor should be In the range of 280-320*C when the 
oleflnlc diluent 1s used In a hydrogenatlon reactor having an Inlet 

30 temperature ranging from 180-240*C. The oleflnlc diluent may be any 
olefin, preferably a mono-olefln, having 3 to 20 carbon atoms, 
preferably 5 to 12 carbon atoms. The solvent diluent may be any 
saturated hydrocarbon solvent, preferably aliphatic or cycloallphatlc 
In nature. The solution that results from the hydrogenatlon process 

35 Is stripped of solvent and ollgomeric material by heating to 

temperatures of from 150-350*C, with or without the Injection of steam. 
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The hydrogenatlon may be achieved 1n the presence of any of 
the known catalysts commonly used for hydrogenatlng petroleum resins. 
The catalysts which may be used 1n the hydrogenatlon step Include the 
Group VIII metals such as nickel, palladium, ruthenium, rhodium, 

5 cobalt and platinum, the Group VI metals such as tungsten, chromium 
and molybdenum, the Group VII metals such as rhenium, manganese and 
copper. These metals may be used singularly or In a combination of 
two or more metals, In the metallic form or In an activated form and 
may be used directly or carried on a solid support such as alumina or 

10 silica-alumina. A preferred catalyst 1s one comprising sulflded 
nickel-tungsten on a gamma-alumina support having a fresh catalyst 
surface area ranging from 120-300 m 2 /g and containing from 2-10 1 by 
weight nickel and from 10-251 by weight tungsten as described by U.S. 
Patent 4,629,766 which 1s Incorporated herein by reference. The 

15 hydrogenatlon 1s carried out with a hydrogen pressure of 20-300 
atmospheres, preferably 150-250 atmospheres. 

This hydrogenatlon process Is found to be useful to produce 
petroleum resins being near water white to water white 1n color with 
superior heat stability. It has been found that without the use of 
20 the oleflnlc diluent to Increase the temperature of the hydrogenatlon 
reactor, that resins having color values only as good as 15-25 Saybolt 
may be obtained. These resins are far from water white and have 
Inferior heat stability. 

The oleflnlc diluent's Importance results from the fact that 
25 1t boosts the hydrogenatlon exotherm and that It provides an exotherm 
early In the length of the hydrogenatlon reactor. By providing an 
early exotherm, the temperature of the reactor 1s above a critical 
temperature for a larger portion of the reactor length than without 
the oleflnlc diluent. This critical temperature Is that temperature 
30 which results In the hydrogenatlon of double bonds and chromophores In 
the resin molecule. Therefore the resin 1s more likely to undergo 
hydrogenatlon rather than further thermal polymerization since the 
rise In temperature which results from hydrogenatlon of the oleflnlc 
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diluent 1$ abrupt. Further polymerization in the hydrogenatlon unit 
1$ not desirable since this could result In coating and deactivation 
of the hydrogenatlon catalyst. Also, since a greater percentage of 
• the hydrogenatlon reactor Is above the critical temperature and 
5 actually contributes to hydrogenatlon, the hydrogenatlon efficiency of 
the unit 1$ Improved. 

One type of adhesive composition according to the invention 
Is pressure sensitive and hot Belt adheslves wherein the elastomeric 
polymer is a block copolymer. The block copolymers may be of the AB 

10 type. Thus, when an end block A 1s Joined to an elastomer block 8, an 
A-B block copolymer unit Is formed which unit can be coupled by 
various techniques or with various coupling agents to provide a 
structure such as A-B-A, which may In reality be two A-B blocks joined 
together in a tall/tail arrangement. By a similar technique a radial 

15 block copolymer can be formed having the formula (A-B) n X wherein X 
1s the hub or central, polyfunctional coupling agent and n Is a number 
greater than 2. Using the coupling agent technique, the functionality 
of X determines the number of A-B branches. By way of example, each 
block A has an average molecular weight between 1,000 and 60,000 and 

20 each block B has an average molecular weight between 5,000 and 

450,000. The total molecular weight of the block copolymer may be 1n 
excess of 100,000 or 200,000 e.g. 300,000. Many different block 
copolymers are useful in the present invention. Particularly useful 
block copolymers arc those In which (A) Is polystyrene and (6) Is a 

25 polydlene. Host commonly, the polydlenes are polylsoprene (SIS) and 
polybutadlene (SBS). Other useful block copolymers, according to the 
present Invention are the hydrogenated block copolymers such as 
styrene/ethylene/butene/styrene copolymers (SEBS) from hydrogenatlon 
of SBS. 

30 The block polymer adhesive compositions according to the 

present Invention may vary considerably, depending on the 
characteristics desired in the adhesive systems. A useful range of 
block polymer and resin composition has been found to 100 parts block 
copolymers to 40-400 parts resin. A preferred composition is 100 

35 parts block polymer and 50-200 parts resin. The composition of the 
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invention may ilso Include other ingredients as used In conventional 
practice such as antioxidants, plastlclzers, oils, and other 
tackifiers. 

Another adhesive composition according to the present 
5 Invention is a hot melt adhesive In which the polymeric component is 
an ethylene-unsaturated ester copolymer. Suitable 
ethylene-unsaturated ester copolymers are those consisting of ethylene 
copolymerlzed with unsaturated esters having an ester group and a 
carbon-carbon double bond. Such unsaturated esters Include vinyl 
10 acetate and esters of acrylic or methacryllc acid with alcohols having 
2-10 carbon atoms. 

The ethylene-unsaturated ester copolymer composition 
according to the present invention nay vary considerably, depending 
upon the characteristics desired In the adhesive system. The useful 

15 range of components Is found to be 100 parts polymer component to 
40-400 parts resin component. A preferred composition Is 100 parts 
polymer component and 50-200 parts resin. The composition of the 
Invention may also include other Ingredients as used in conventional 
practice such as waxes, antioxidants, plastlclzers, fillers, pigments 

20 and other tackifiers. 

While the above discussion and following examples are 
directed to production of a tacklfier resin. U Is understood that the 
novel hydrogenatlon process set forth herein may be used to 
hydrogenate hydrocarbon resins for use In many other applications. 

25 The present Invention therefore provides a thermally 

polymerized, hydrogenated hydrocarbon tacklfier resin which Is a 
copolymer of a feedstock comprised of a mixture of a vinyl aromatic 
stream containing styrene, alkyl substituted derivatives of styrene, 
Indene and alkyl substituted derivatives of Indene; a cyclodlene 

30 stream comprised of monomers, dimers and codlmers of cyclopentadiene 
and alkyl substituted derivatives of cyclopentadiene; and optionally a 
C 4" c 5 ic ycM* dlene stream. 
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In particular, the present Invention provides a thermally 
polymerized, hydrogenated hydrocarbon tacklfler resin which Is a 
copolymer of a feedstock which Is comprised of 100 parts of a vinyl 
aromatic stream containing styrene and Indene and alkyl substituted 
5 derivatives thereof; 10 to 1000 parts of a cyclodlene stream comprised 
of monomers, dlmers and codlmers of cyclopentadlene and alkyl 
substituted derivatives of cyclopentadlene; and optionally 0 to 100 
parts of a C4-C5 acyclic dlene stream. 

It Is a further object of this Invention to provide a process 
10 for production of a hydrocarbon resin 1n which the resin 1s 
hydrogenated 1n the presence of an oleflnlc diluent to yield a 
hydrocarbon resin having superior color characteristics. In 
particular, the present Invention provides a process for the 
production of a hydrocarbon resin 1n which 100 parts of the resin Is 
15 hydrogenated In the presence of 5 to 100 parts oleflnlc diluent. 

Two further objects of this Invention are to provide block 
copolymer and ethylene-unsaturated ester copolymer adhesive systems 
Incorporating the resins of this Invention. 

. The present Invention can be further Illustrated by the 
20 following examples, although It Is understood that these examples are 
Included merely for the purposes of Illustration and are not Intended 
to limit the scope of the Invention unless otherwise specifically 
Indicated. 



EXAMPLE 1 

25 The vinyl aromatic stream and the cyclodlene streams shown 1n 

Table 1 were mixed .to form a feedstock containing 100 parts vinyl 
aromatic stream and 67 parts cyclodlene stream. The resultant 
feedstock was blanketed with nitrogen and thermally polymerized for 
two hours at a temperature of 270'C. Following polymerization, the 

30 resin solution was stripped with steam at 250*C to recover a dark 
colored resin 1n 56X yield with properties as shown In Table II. 
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Thts resin was then nixed with a solvent diluent, (Varsol) 
and an oleflnlc diluent In a nlxture containing 100 parts resin; 167 
parts solvent diluent; and 19 parts C & mono-oleflnlc diluent. The 
mixture was fed Into a hydrogenatlon reactor having an Inlet 

5 temperature of 220*C and a pressure of 200 atmospheres hydrogen with a 
liquid volumetric throughput of 1.0 WH and a gas volumetric 
throughput of 200 WH. The exothermic hydrogenatlon of the olefinlc 
diluent and resin raised the hydrogenatlon reactor to a peak, 
temperature of 305*C. The resultant hydrogenated resin solution was 

10 then stripped with steam at 250*C. This sample of hydrogenated resin, 
having a softening point of 102*C and a Saybolt color of 28.9, also 
exhibited the properties shown In Table II. Adhesive performance data 
for the hydrogenated resin In an SBS based formulation are shown in 
Table III. 



EXAMPLE 2 

15 The vinyl aromatic and cyclodtene streams shown In Table I 

were mixed to form a feedstock containing 100 parts vinyl aromatic 
stream and 34 parts cyclodlene stream. This feedstock was polymerized 
and hydrogenated with the conditions Indicated in Table II. The 
hydrogenated resin had a softening point of 103"C and a Saybolt color 

20 of 23.4. Other properties of the nonhydrogenated and hydrogenated 
resins are shown In Table II. Adhesive performance data for the 
hydrogenated resin are shown in Table III. 

EXAMPLE 3 

The vinyl aromatic and cyclodlene streams shown In Table I 
were mixed with an additional non-reactive component, toluene, to give 
25 a feedstock containing 100 parts of the vinyl aromatic stream, 300 
parts of the cyclodlene stream and 60 parts of toluene. This 
feedstock was polymerized and hydrogenated with the conditions 
Indicated In Table II. The hydrogenated resin had a softening point 
of 105*C and a Saybolt color of 29.7. Other properties of the 
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nonhydrogenated and hydrogenated resins art shown In Table II. 
Adhesive performance data for the hydrogenated resin 1n an SBS based 
formulation are shown In Table III. 

EXAHPU 4 

The vinyl iron tic and cydodlene streams shown In Table I 
5 were mixed with an additional C $ acyclic dlene stream, the 
composition of which Is shown In Table IV, to give a feedstock 
containing 100 parts vinyl aromatic stream, 67 parts cydodlene stream 
and 19 parts acyclic dlene stream. This feedstock was polymerized and 
hydrogenated with the conditions Indicated In Table II. The 
10 hydrogenated resin had a softening point of 93*C and a Saybolt color 
of 29.0. Other properties of the nonhydrogenated and hydrogenated 
resins are shown In Table III. Adhesive performance data for the 
hydrogenated resin In an SBS based formulation are shown In Table III. 

EXAMPLE S 

The vlnyl'aromatlc and cydodlene streams shown 1n Table 1 
15 were blended as 1n Example 1, then polymerized and hydrogenated under 
the conditions given In Table II. The properties of the resulting 
resin are also shown In Table II. Adhesive performance data for this 
sample In EVA based hot melt packaging and assembly applications are 
shown In Table V. 



EXAHP IE 6 (C omparative Example) 

20 The vinyl aromatic and cydodlene streams shown 1n Table I 

were blended as In Example 1. then polymerized as In Example 5 and 
hydrogenated as shown In Table II. The resulting stripped resin was 
mixed with solvent diluent only with no oleflnk diluent. The mixture 
was fed Into a hydrogenatlon reactor having an Inlet temperature of 

25 220*C, a pressure of 200 atmospheres hydrogen and a liquid volumetric 
throughput of 1.0 WH with a gas throughput of 200 WH. The 
exothermic hydrogenatlon of the resin with no oleflnk diluent raised 
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the hydrogenatlon reactor to I peak temperature of 267*C. The 
resultant resin was then stripped with steam at 250'C. This sample of 
hydrogenated resin, having a softening point of 109*C and a Saybolt 
color of 14.9. also exhibited the properties shown In Table II. 



EXAMPLE 7 

i The vinyl aromatic and cyclodlene streams shown 1n Table I 

were blended to form a feedstock containing 100 parts vinyl aromatic 
stream and 67 parts cyclodlene stream. This feedstock was polymerized 
and hydrogenated as In Example I. The polymerization and 
hydrogenatlon conditions as well as neat resin properties are shown In 

Lo Table II. Adhesive performance data for the hydrogenated resin In a 
high styrene content SIS based formulation are shown 1n Table VI. 

EXAHPl.ES 8-14 

Examples t-14 provide further examples of resins according to 
the present invention. Compositions of the cyclodlene streais and the 
vinyl aromatic stream which were polymerized are set forth in Table 
15 VII. The feedstreams were comprised of the cyclodlene and aromatic 
streams In the ratios set forth in Table VIII and were thermally 
polymerized for 2 1/2 hours at a temperature from 265* to 275'C. 
Toluene was added to control viscosity. 

The resins produced according to Examples 8-14 were subjected 
20 to flash distillation and steam stripping to remove unreacted 
substances and low molecular weight oligomers. The resins had 
softening points of from 75 to 125*C, an aromatldty of 6 to 141 
aromatic hydrogen determined by proton HHR and Gardner colors of 10 to 
16. The resin properties are set forth In more detail In Table VIII. 

25 The stripped resins from Examples 8-14 were then redlssolved 

In Exxsol 040 solvent with oleflalc diluent (Table IX) such that the 
hydrogenatlon feed contains 30 weight percent resin. 15 to 20 weight 
percent oleflnlc diluent and 50 to 55 weight percent solvent diluent 
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(Exxsol 040) . The resulting hydrogenated solution was steam stripped 
at 250*C. These hydrogenated resins, having softening points from 
84-134'C, also exhibited the properties shown 1n Table VIII. 

EXAMPLES 15-17 (Comparative Examples) 

Examples 15-17 provide further comparative examples on the 
preparation of hydrogenated hydrocarbon resins which were obtained 
without the use of o1ef1n1c diluent In the hydrogenatlon feed. These 
resins were prepared as shown In comparative examples 14-16 of Table 
VIII. In each one of these examples, resins having poor Initial color 
and Inferior heat stability resulted from hydrogenatlng without the 
use of oleflnk diluent. 

EXAMPLES 18-20 

Examples 18-20 provide additional block copolymer 
adhesive formulations incorporating resins in accordance with the 
present invention. 

SBS Block copolymer adhesive formulations incorporating these 
15 resins were blended as set forth InTable X. Properties of these 
adhesive formulations are also set forth In Table X. 

The nature of the resins is explained below the Table. 
The resins are identical or based on the resins of the earlier 
Examples. Any differences, reflected in different softening 
20 points, are due to different stripping conditions. More chipping 
results in higher softening points. 



5 



10 
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TABLE I 



Vinyl Aromatic Stream Components Percent- hy HaMj 

Styrene 7 
Alkyl Derivatives of Styrene 30 
Indene 13 
Alkyl Derivatives of Indene 9 
Non Reactive Components 41 



Total 



100 



CvclQdiene Stream Components Percent bv Kp^ k^ 

10 Dlcyclopentadiene 77 
Cyclopentad1ene/C 5 

acyclic dlene codimer 15 

Methyl cydopentadlene/ 

C g acyclic dlene codimer 4 

15 Cyclopentadiene 2 

Cydopentad1ene/C 4 

acyclic dlene codimer 1 

Other } 

20 Total ^ 
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IA1LLJI 



Polymerization 
Feed: 

5 Aromatic* 1 (parti) 

Cyclodienes (parts) 
Toluene (parts) 
Acyclic dienes (parts) 

Conditions: 
10 Temperature ( # C) 

Time (Minutes) 

Yield (wtX) 

Ring and Ball Softening Point 
CC) 

15 Aronuticity 2 

GPC Molecular Weight 
Mw 

Mw/Hn 

Hi 

20 Gardner Color 



EXAMPLE NO. 



_L 


_2_ 


_2_ 


4 


_5_ 




7 


100 


100 


100 


100 


100 


100 


100 


67 


34 


300 


67 


67 


67 


67 






60 
















w 








270 


275 


270 


270 


275 


270 


270 


120 


150 


90 


120 


150 


180 


120 


56 


55 


54 


50 


55 


60 


56 


107 


99 


126 


90 


100 


90 


107 


14 


17 


6 


15 


16 


14 


14 


S10 


512 


533 


442 


484 


582 


510 


2.5 


2.4 


2.8 


2.3 


2.6 


2.9 


2.5 


1242 


1244 


1408 


1072 


1239 


1244 


1242 


16+ 


IB* 


13* 


15* 


16+ 


16+ 


16+ 
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( TABIC II cent.) 

EXAMPLE NO. 









JL 


JL 


_4_ JL 


6 


7 




HvdroQtnation 
















■ »»w « 














5 




100 


100 


100 


100 100 

1 WV I WW 


100 
■wv 


inn 

IUU 




ni«ftnt^ fiUuint faarttl 


■ 9 




S3 

W* 


2Q 77 








Non OUflntc Dllutnt 3 (p»rtO 




167 


150 


150 157 


233 


• 




Condi lions • 
















jnitl itJtptrjiurf i vj 


220 


200 




ion 9?n 
iyu *ju 


civ 


220 


10 


Ptak Ttmptraturt (*C) 


in* 




^ 1 ft 


305 306 


267 


305 




Liquid Volumttrlc 
















Throughput (Wn) 


1 .0 


1 .0 


1 .0 


1.0 1.0 


1 .0 


1.0 




uas Yoiumtinc 
















IkMnflkftut /UVU\ 


?nn 


CW 




200 200 


200 


200 




v: A i a t .a* \ 


31 


Z4 


30 


28 27 


28 


32 




King •no Dili dOT icning 
















rpim i v, j 


in? 




in* 


93 103 


109 


102 




Aromatic! ty* 


•0 


12 


3.0 


9 8 


11 


10 




GPC Molecular Vtight 














20 


Mm 


466 


479 


423 


429 540 


578 


466 




tWfe 


2.1 


1.9 


2.4 


1.9 2.0 


2.2 


2.1 




Hz 


1003 


962 


960 


897 958 


1099 


1003 




Gits* transition 
















tt*paraturt( 9 C) 


53 


52 


51 


44 58 


59 


53 


25 


Saybolt Color 


28.9 


23.4 


29.7 


29.0 29.7 14.9 28.9 




Htat Stability 5 (Gardner Color) 


1.5 


5.4 


O.O 


1.3 <1.0 7.4 1.5 



1 Sit Tabli I 

2 Percent aronatic hydrogens by proton NMR 

3 Varsol 

30 * Glass Transition Temperature dettrained by Differential Scanning 
CaloriMtry 

s Gardntr Color neasured *fttr aging resins in air for 5 hours at 177*C. 
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TABLE III 



Resin Adhesive Performance Data 
In an SBS Based Formulation 1 



EXAMPLE NO. 
JL 



5 Peel Strength (lbs. /In.) 
To Stainless Steel 
To Polyethylene 



4.5 
3.2 



4.3 
3.1 



0.2 3.8 
0.1 2.0 



90* Quick Stick (1bs./1n.) 
To Stainless Steel 



3.9 



3.3 



3.0 



10 Polyken Tack, grains 



715 



447 



209 1787 



Shear Adhesion Failure 
2 

Temperature , CO 
To Stainless Steel 



63 



61 



62 63 



178* Holding Power(Hrs) 
15 To Stainless Steel 



1.1 



1.0 



0.7 0.4 



1 Adhesive Formulation: 



20 2 looog weight 
3 2000g weight 



100 parts resin 
45 parts Stereon 840A SBS 
36 parts Tufflo 6056 oil 
2 parts Irganox 1010 
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TABLE IV 



C 5 Acvcllc Diene Stream Comnnnpn^ Percent hv Hplght 

trans-Pentadlene- 1,3 17 
ds-Pentad1ene- 1,3 n 
Other cyclic and acyclic dlenes 5 
Mono-oleflns 28 
Paraffins 39 



Total 



100 
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RESIN ADHESIVE PERFORMANCE OATA FOR 
Example 5 1n EVA Based Formulations 

Formulation 1 Formulation 2 
A B 

5 Peel Strength (lbs. /In.) 

To Alumlnua 2.48 

To Polyethylene 5.07 — 

Shear Adhesion Failure 

Temperature (*C) 84 63 

10 Peel-Fall Temperature CO 54 48 

Pop open Temperature (*C) 104 63 

Viscosity (centlpolse 8 177 # C) 5050 2300 

Molten Color (Gardner) 1 1 

Skinning (1)3 0 0 

15 Tensile Strength (psl) — 600 



1 Adhesive Formulation 



20 



2 Adhesive Formulation 



25 



100 parts Resin 

87 parts Excorene UL7750 
(ethyl ene-vlnyl acetate copolymer) 

50 parts Escomer H101 (wax) 

12 parts Kaydol 011 
4 1 part Irganox 1010 

100 parts Resin 

67 parts Escorene UL7750 
56 parts Arlstowax 165 

0.5 part Irganox 1010 

0.5 part Hark 33 



3 After heating formulation In air for 96 hours at 350*F. 
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Ta bie , VI 



Resin Adhesive Performance Data 
Example 7 In an SIS based Formulation 



1 



10 



prp<sure Sen sitive Adhesive Test Hethods 

Rolling Ball Tack (en) 

180* Peel Strength (lbs. /In.) 
To Stainless Steel 
To Polyethylene 

90* Quick Stlck(lbs./1n.) 
To Stainless Steel 

2 

Shear Adhesive Failure Temperature (*C) 
To Stainless Steel - 



Example 7 
3.5 



4.1 

2.2 



3.0 
92 



Hot Melt Adhesive Test Methods 
T-Peel Strength (lbs. /In.) 
To Aluminum 
15 To Polyethylene 

Shear Adhesive Failure 3 
Temperature ( # C) 
To Aluminum 



2.6 
2.8 



89 



20 1 Adhesive Formulation: 



\ 1000 gram weight 
3 500 gran weight 



100 parts resin 
100 parts Sol T 193B 
22 parts Kaydol oil 
1 part Irganox 1010 
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vm vii 

Aromatl f <f*rp»in Components Percent PV HeW 

Styrene ' 

Alkyl Derivatives of Styrene 33 

Indent ,9 

Alkyl Derivatives of Indene 2 

Hon Reactive Components 45 

Total 100 

f |yrlnri1en» S fg*m Components ' Percent PV He'qht 

_A_ JL 

Dkyclopentadlene 56 89 

Cyc1opentad1ene/C 5 

acyclic dlene codlmer 4 3 

Cyclopentadlene/Methyl 
Cyclopentadlene codlmers 10 6 

Non Reaction components 30 2 



Total 



100 100 
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Iifrlg IX 



ACYClk PUPft Str»w Componfnti Percent by n f t<m 

C 4 Olefins 5 
C $ Olefins 21 
C fi OltHns j 5 
DloUflns 
Paraffins 
Unknowns 



Total 



4 

26 
21 



100 
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Mli X 
ADHESIVE PERFORMANCES 



FORMULATION : 

Stereon 840 A 100 parts 

Resin 120 parts 

5 Primol 352 40 parts 

Irganox 1010 0.5 parts 

Irganox PS 800 0.5 parts 

Irganox 565 0.5 parts 

PERFORMANCE DATA : 

10 Examples 

19 20 18 



Viscosity (CPS at 175*6 
Ball tack, (cm) 
Loop tack (N/1nch) 
Peel adhesion (g/m) 
Hot shear CC/iln) 
Shear Adhesion Failure 
Temperature CO 



15000 


16800 


15600 


5 


6 


5.5 


8 


10 


5 


400 


480 


300 


23/50 


5/60 


15/50 


70 


72 


72 



The resin of Example 18 1s prepared according to 
2o Example 9 but" has a lower softening point of 94°C, a Saybolt color 
of 27 and an aromaticity of 7.3. 

The resin of Example 19 is that of Example 14. 



25 



The resin of Example 20 is that of Example 14 but due 
to different stripping conditions, 1t has a softening point of 
105°C, a Saybolt color of 27 and an aromaticity of 7.3. 
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CLAIMS: 

1. A thermally polymerized hydrogenated hydrocarbon 
tackifier resin being a copolymer of a feed which is comprised of 
an aromatic stream comprised of styrene and indene and a stream 
comprised of cyclodiene monomers and dimers wherein said aromatic 
stream is the predominant component of the feed. 

2. Resin according to claim 1 wherein said feed is 
comprised of 100 parts by weight of the aromatic stream and 10 to 
90 parts by weight of the cyclodiene stream and preferably is 
comprised of 100 parts by weight of the aromatic stream and 67 
parts by weight of the cyclodiene stream. 

3. Resin according to any of the preceding claims 
wherein the cyclodiene stream comprises dicyclopentadiene, 
cyclopentadiene and methyl cyclopentadiene. 

4. Resin according to any of the preceding claims 
wherein said resin has a softening point of 70°-130°C; a molecular 
weight by GPC (Mw) of 300-1000; and/or has a Saybolt color of from 
23 to 30. 

5. Resin according to any of the preceding claims 
wherein said feed is further comprised of a C4-C5 acyclic diene 
stream. 

6. A process for the production of a hydrogenated 
hydrocarbon tackifier resin according to any of claims 1 to 5 
comprising thermally polymerizing a feed comprised of an aromatic 
stream comprised of styrene and indene and a stream comprised of 
cyclodiene monomers and dimers wherein said aromatic stream is the 
predominant component of the feed. 



SUBSTITUTE SHEET 



WO 91/13106 



^ PCT/US91/01169 



- 28 - 

7. A process according to claim 6 wherein said 
resin is hydrogenated in the presence of an olefinic diluent, 
preferably a C5-C12 mono-olefin and preferably with 100 parts of 
the resin hydrogenated in the presence of 15 to 60 parts of the 
olefinic diluent. 

8. A process according to claim 6 or 7 wherein said 
resin is hydrogenated to a level wherein the resin contains from 1 
to 20% aromatic protons by *H-NMR. 

9. A process for the production of hydrocarbon 
resins comprising hydrogenating a hydrocarbon resin in the 
presence of an olefinic diluent preferably a C5-C12 mono-olefin. 

10. A thermally polymerized hydrogenated hydrocarbon 
tackifier resin being a copolymer of a feed comprised of: 

an aromatic stream comprised of styrene and indene; 
and 

a stream comprised of one or more components selected 
from the group consisting of cyclodiene monomers and 
dimers and C4-C5 acyclic dienes. 

11. Resin according to claim 10 wherein the feed is 
comprised of 100 parts by weight of the aromatic stream and 10 to 
1000 parts by weight of the cyclodiene stream and preferably 
comprised of 100 parts by weight of the aromatic stream; 10 to 
1000 parts by weight of the cyclodiene stream ; and 1 to 100 parts 
by weight of the C4-C5 acyclic diene stream. 

12. A hot melt composition comprising: 
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a thermally polymerized hydrogenated hydrocarbon 
tackifier resin being a copolymer of a feed which is 
comprised of an aromatic stream comprised of styrene 
and indene and a stream comprised of cyclodiene 
monomers and dimers and optionally a C4-C5 acyclic 
diene stream wherein said aromatic stream is the 
predominant component of the feed; and 

an ethylene-unsaturated ester copolymer, preferably 
ethylene vinyl acetate or ethyl ene-acryl ate. 

13. A hot melt composition according to claim 12 
comprising 100 parts ethylene-unsaturated ester copolymer and 40 
to 400 parts resin, preferably comprising 100 parts tackifier 
resin and 50 to 200 parts ethylene-unsaturated ester copolymer. 

14. An adhesive formulation comprising: 
a block copolymer; and 

a thermally polymerized hydrogenated hydrocarbon 
tackifier resin being a copolymer of a feed which is 
comprised of an aromatic stream comprised of styrene 
and derivatives thereof and indene and derivatives 
thereof and a cyclodiene stream comprised of monomers, 
dimers and codimers of cyclopentadiene and alkyl 
substituted derivatives of cyclopentadiene and 
optionally a C4-C5 acyclic diene stream, wherein said 
aromatic stream is the predominant component of the 
feed . 

15. An adhesive formulation according to claim 14 
wherein the adhesive is comprised of 100 parts of the block 
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polymer and 50-200 parts of the hydrogenated resin and optionally 
contains a plasticizer, preferably an oil. 

16- A hot melt adhesive composition comprising: 

a thermally polymerized hydrogenated hydrocarbon 
tackifier resin being a copolymer of a feed comprised 
of an aromatic stream comprised of styrene and indene 
and a stream comprised of one or more components 
consisting of cyclodiene monomers and dimers and C4-C5 
acyclic dienes; and 

an ethylene-unsaturated ester copolymer. 

17. Composition according to claim 16 wherein said 
feed is comprised of 100 parts by weight of the aromatic stream; 
10 to 1000 parts by weight of the cyclodiene stream; and 1 to 100 
parts by weight of the C4-C5 acyclic diene stream. 

18. An adhesive formulation comprising: 
a block' copolymer; and 

a thermally polymerized hydrogenated hydrocarbon 
tackifier resin being a copolymer being comprised of 
an aromatic stream comprised of styrene and indene and 
a stream comprised of one or more components selected 
from the group consisting of cyclodiene monomers and 
dimers and C4-C5 acyclic dienes with preferably the 
feed being comprised of 100 parts by weight of the 
aromatic stream; 10 to 1000 parts by weight of the 
cyclodiene stream; and 1 to 100 parts by weight of the 
C4-C5 acyclic diene stream. 



^.TERNATIONAL SEARCH REPORT 

InUmitlon.i Application No 



PCT/US 91/01169 



I CLASSIFICATION OF SUBJECT MATTER (it ttrtrjl clattlficition tymbolt tpply. Indicalt til) * 


According to initmitiontl Patant CUttrficttion (IPC) Of to both Nation*! CiattlflctUon and IPC 

5 C 08 F 240/00, C 08 F 8/04,C 09 J 109/00, C 08 
IPC : 


L 57/00 i 


II, FtCLOS SEARCHED ■ 


Minimum Ooeumtntition Starchtd ' 




IPC 5 


• C 08 F 8/00, C 08 F 240/00, C 09 J 109/00 
J C 08 L 23/00, C 08 L 53/00, C 08 L 57/00 


r 


Ooeumtntition Starchad othar than Minimum OocumtnUtlon 
to tht Eittnt that toch Ooeumonla art Includad In tht Ft#ld« Sttrchtd ■ 




III. DOCUMENTS CONSIOCREO TO ■€ RELEVANT ' _ 


RiUvant to CUim No. ' a 


Ctttgory * 1 

A 


Cltilion cl Oocumtnt. " with incictuon, wrmt ■p P rw t »»^ ~> ; : 

US, A, 4 460 724 

(TSUCHIYA et al.) 17 July 1984 
(17.07.84), see claims 1-4, 
6-9; column 3, lines 24-3 5; 
example s. 


1,3-7, 
9,10, 
12,15, 
16 


A,P 


EP, Bl, 0 260 001 

(EXXON CHEMICAL PATENTS INC.) 
22 November 1990 (22.11.90), 
see claims 1,3,10-16; page 3, 
lines 53-58; page 6, lines 
26-34. 

(cited in the application) 


1,3-6, 
8,10, 
12,14- 
18 


A 


US, A, 4 714 749 

(HUGHES et al.) 

22 December 1987 (22.12.87), 

see claim 1; examples. 


1,4-6, 
14,18 


A 


US A, 4 514 554 

(HUGHES et al.) 30 April 1985 
(30-04.85), see claims 1,2,4, 


1,4-6, 
14,18 


• Special cttagoritt of crttd documtntt: w 

-A - documtnt dtfmlng tht control ttatt of th« art which l« not 

conaidtrod to tot c< particular rtltvinct 

ttrf.tr documtM tut publithtd on or ttttr tht inttmalional 

fitino till* 

V documtnt which may throw ^ouhtt oa prtorti dyim(») or 
which it ciltd to tatabliah tht publication djtt ol onothtr 
citation or othtr tptciot cotton (to tptcifitd) 

-O- documtnt rtltrring to on oral dttcloaurt. um, tihlblUon Of 
othtr mttnt 

-P- documtnt oublithtd prior to tht Inttmttiorul filing dtto but 
lotor thin tht priority dttt claimed 


T- Uttf documtnt publithtd ttttr tht Inttriwtiontl filing dttt 
oVTriorit? dtto and not in conflict with tnt •OP«CJt|on but 
chad to Indtrattnd tht principlt or tftacry undtrlymg tht 
Invtnlion 

-X- documtnt of particular rtitvanea: tht cltlmtd l"«"t'»* 
caSnTbt contldtrtd no*tl or ctnnot bt cont.dtr.d to 
InvoJva an Invantivt tttp 

f documtnt of particular rtitvtnct;* tht cltlmtd «n«antion 
cannot bo eonaidarad to ln«olrt tn ln.tnt.*t atto whon , tht 
documtnt it combintd with ont or mort othtr ouch docu. 
m£r«ucfi combintiion bting cbrfoua to t ptrton ah.llad 
In tht art. 

-4- documtnt rotmbar of tht tamt pattnt ftmily 


IV. CtRTIFICATION 

Dtto ol tht Actual CompWtton el tht Inttmatlonai Starch 

02 May 1991 


Dttt of Milling of thia Intttnatlonal Sttrch Rtport 

3 0. 05. 91 



IntoretUonal Starching Authority 

EUROPEAN PATENT OFFICE 

Form PCT/ISA/710 (ttcond ahaaO i^wtj 1»*5) 



i 



-2- 



InUrnttlonal Application No PCT/US 91/01169 



I III DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECONO SHEET) 




OUtion ol Ootumant. « wHh Indication, whtft ipproptliU. of Iht rtUTtnt pauaott 


R«kvant to CUlm No. 



6; examples. 

US, A, 4 824 921 

(LUVINH) 25 April 1989 
(25.04.1989), see claims 1, 
9,13. 

US, A, 4 717 749 

(TANG et al.) 5 January 1988 
(05.01.88), see claims 1,7; 
column 2, lines 51-66. 



1,3-5 



1,14, 
15,18 



ANHANG 

:un internationalen Recherchen- 
berichi uber die international 
Patentanmeldung Nr. 



V. 



ANNEX 

to the International Search 
Report to the International Patent 
Application No. 

PCT/US91/0116? SAE 45174 



ANNEXE 

ai art de recherche inter- 
na, h relatif a la demande de brevet 
international n' 



In dieseo Anhang sind die Mitglieder 
der Patentfamihen der im obenge- 
nannten internationalen Recherchenbencht 
angefuhrten Patentdokumente angegeben. 
Diese Angaben dienen nur :ur Unter- 
richtung und erfolgen ohne Bewahr. 



This Annex lists the patent family 
members relating to the patent documents 
cited in the above-mentioned inter- 
national search report. The Office is 
in no way liable for these particulars 
which are given merely for the purpose 
of information. 



La presente annexe indique ies 
nemores de la f ami lie de brevets 
relatifs aux documents de brevets cites 
dans le rapport de recherche inter- 
national visee ci-dessus. Les reseigne- 
ments fournis sont donnes a titre mdica- 
tif et n'engagent pas la responsibility 
de l'Office. 



Io Recherchenbericht 
angefuhrtes Patentdokument 

Patent document cited 
in search report 
Document de brevet cite 
dans le rapport de recherche 



Datum der 
Veroffentlichung 
Publication 
date 
Date de 
publication 



Hitglied(er) der 
Patentfamilie 

Patent family 

member (s) 
Hembre(s) de la 
famille de brevets 



Datum der 
Veroffentlichung 
Publication 

date 
Date de 
publication 



US-A - 4460724 



17-07-84 



DE-A1- 3231107 
FR-A1- 2511694 
GB-A1- 2108972 
JP-A2-5B03267S 
JP-B4- 1053710 



10-03-83 
25-02-83 
25-05-83 
25-02-83 
15-1 1-89 



EP-B1- 260001 



22-11-90 



AT-E - 58546 
AU-A1-77316/87 
AU-B2- 595363 
DE-CO- 3766327 
EP-A1- 260001 
GB-AO- 8620395 
JP-A2-63092611 



15- 12-90 
25-02-88 
29-03-90 
03-01-91 

16- 03-88 
01-10-86 
23-04-83 



US-A - 4714749 



22-12-87 



US-A - 4514554 



30-04-85 



CA-A1- 124S235 
DE-CO— 3466009 
EP-A1- 131460 
EP-B1- 131460 
JP-A2-600 15477 



CA-A1- 1246790 
EP-A2- 120596 
EP-A3- 120596 
JP-A2-59 164378 



03-01-39 

1 5- 1 0-87 

16- 01-85 
09-09-37 
26-01-85 



13-12-88 
03-10-84 

16- 01-85 

17- 09-34 



US-A - 4824921 



25-04-89 



AT-E • 
DE-CO- 
EP-A1- 
EP-B1- 
ES-A1- 
ES-A5- 
ES-A1- 
GB-AO- 
JP-A2- 
US-A • 



41666 

- 34773B5 

- 132291 

- 132291 

- 533762 

• 533762 

- 8506055 

- 3317510 
-60044514 

• 4994516 



US-A - 4717749 



05-01-38 



AU-A1- 

AU-B2- 

CA-A1- 

DE-CO- 

EP-A1- 

EP-B1- 

JP-T2 

KR-B1 

W0-A1- 



-42953/85 

- 588808 

- 1266733 

- 3578871 

- 181380 

- 181380 
-61502131 

- 8904200 

- 8505116 



15- 04-89 
27-04-89 
30-01-85 
22-03-89 

16- 06-85 
16-07-85 
16-10-35 
03-08-83 
09-03-85 
19-02-91 



28-11-85 
28-09-89 
13-03-90 
30-08-90 
21-05-86 
25-07-90 
25-09-86 
27-10-89 
21-11-85 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

tii BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□f LINES OR MARKS ON ORIGINAL DOCUMENT 

tflf REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



